According to the standard ΛCDM model, the accelerated expansion of the Universe will go on forever. Motivated by recent observational results, we explore the possibility of a finite phase of acceleration which asymptotically approaches another period of decelerated expansion. Extending an earlier study on a corresponding homogeneous and isotropic dynamics, in which interactions between dark matter and dark energy are crucial, the present paper also investigates the dynamics of the matter perturbations both on the Newtonian and General Relativistic (GR) levels and quantifies the potential relevance of perturbations of the dark-energy component. In the background, the model is tested against the Supernova type Ia (SNIa) data of the Constitution set and on the perturbative level against growth rate data, among them those of the WiggleZ survey, and the data of the 2dFGRS project. Our results indicate that a transient phase of accelerated expansion is not excluded by current observations. * Electronic address:
I. INTRODUCTION
It is generally believed that our presently observable Universe is dynamically dominated by a dark sector which is composed of a dark-energy component with a large negative pressure and pressureless dark matter. The physical nature of both these components remains a mystery, notwithstanding the intense research activity in the field since the discovery of the accelerated expansion of the Universe in [1] . Direct and indirect support for this result has been accumulating over the past years. This comprises further results from advanced data sets for supernovas of type Ia (SNIa) as well as results from studies of the large scale structure [2] , cosmic microwave background [3] , the integrated Sachs-Wolfe effect [4] , baryonic acoustic oscillations [5] and gravitational lensing [6] . By now, there exists a standard model, the ΛCDM model, which, grosso modo, is compatible with the cosmological data. (Notice, however, that there is an ongoing discussions, see, e.g., [7] , on apparent shortcomings of this model). Nevertheless, because of the cosmological constant problem in its different facets, including the coincidence problem, a still growing number of competing models has been developed over the last years, most of them "dynamizing" the cosmological constant or even generalizing Einstein's theory. Observations force these models to have a dynamics that is very similar to that of the ΛCDM model around the present epoch. Moreover, the past evolution is restricted by the necessity of a matter-dominated epoch to guarantee cosmic structure formation. The future cosmological evolution within alternative models, however, may be very different from a de Sitter phase, which is the final fate of a ΛCDM universe and also of several other approaches like Chaplygin-gas scenarios. Phantom-type dark energy with a constant equation-of-state parameter, e.g., will end in a big-rip singularity after a finite time [8, 9] . More recently, a still different scenario, called "little rip", was proposed [10] .
Already at the beginning of the past decade several authors discussed the possibility that the currently observed accelerated expansion might be a transient phenomenon, i.e. that there might occur a transition back to decelerated expansion [11] [12] [13] . Some recent observations seem to back up this idea. Evidence was found for a slowing-down of the expansion rate of the Universe, equivalent to an increase of the deceleration parameter q(z) for decreasing redshifts z close to the present epoch z = 0 [14] [15] [16] [17] . This could indicate a scenario, according to which the observed accelerated expansion of the Universe is a transient phenomenon, implying a transition back to a decelerated expansion either for the future evolution with z < ∼ 0 or even around the current epoch z > ∼ 0. Scenarios of transient acceleration were previously discussed in [18] and [19] . The model on which the present paper relies was developed in [20] . It describes transient cosmological acceleration as the consequence of an interaction between dark matter and dark energy. Such a dynamics cannot be obtained if the interaction represents a small correction to the standard ΛCDM model. For models of such type the long-time cosmological dynamics will always be determined by the cosmological term and result in accelerated expansion. To achieve transient accelerated expansion, a twofold role of the interaction is necessary. At first, it has to cancel the "bare" cosmological constant and at second it has to generate a phase of accelerated expansion by itself. Acceleration has to be an interaction phenomenon. As it was shown in [20] , these requirements can be fulfilled by interaction terms that combine powers and exponentials of the cosmic scale factor. Even though this specific choice was made for mathematical convenience, we expect that the mentioned two features will be crucial for a broader class of models. While the study in [20] was restricted to the homogeneous and isotropic background, the present paper investigates the corresponding perturbation dynamics as well. In particular, we calculate the growth rate of the matter perturbations and the matter power spectrum. We compare our results with the growth-rate data collected in [21] as well as with those of the WiggleZ survey [22] and with the data from the 2dFGRS program [23] . Emphasis is also put on the potential relevance of perturbations of the dark-energy component which are neglected by many studies of the matter perturbation behavior (for exceptions see, e.g. [24] [25] [26] ). In concordance with parallel investigations for other models [27] , we find that they are small indeed on scales that are relevant for structure formation. However, there are indication that their role is increasing with increasing scale. The background dynamics is reconsidered on the basis of the SNIa observations by the Constitution set [28] .
The paper is organized as follows. In section II we reanalyze the basic features and the homogeneous and isotropic background dynamics of the transient acceleration model.
Section III is devoted to a Newtonian treatment of the perturbation dynamics. A fully relativistic, gauge-invariant investigation and a calculation of the matter power spectrum are the subjects of section IV. In section V we summarize and discuss our results.
II. THE TRANSIENT ACCELERATION MODEL
We assume the cosmic substratum to be dynamically dominated by a mixture of a pressureless matter fluid and a dark-energy component. The field equations for a spatially flat, homogeneous and isotropic two-component universe of this type are the Friedmann equation
Here, ρ m is the energy density of pressureless dark matter and ρ x is the density of the darkenergy component with a pressure p x . The Hubble rate H is given by H =˙a a , where a is the scale factor of the Robertson-Walker metric and a dot denotes the derivative with respect to the cosmic time. We assume that both the dark components do not conserve separately but interact with each other in such a manner that the balance equations take the forṁ
andρ
where w ≡ px ρx is the equation-of-state parameter of the dark energy. The sum of (3) and (4) results in the total energy conservation equationρ + 3H (ρ + p) = 0, where the total pressure equals the dark energy pressure, p = p X .
It is convenient to write the energy density of the matter fluid as
where we have chosen a 0 = 1 for the present value of the scale factor. The quantityρ m 0 is a constant and f (a) is an arbitrary time-dependent function. With f (a) = 1 + g (a), this structure implies that
and
The present values ρ m 0 andρ m 0 are related by
where g 0 ≡ g (1) . The quantity ρ m 0 is the value of ρ m at a = 1 in the presence of the interaction,ρ m 0 is the value of ρ m at a = 1 for vanishing interaction. The interaction re-normalizes the present value of ρ m .
In [20] it has been shown that an analytically solvable transient acceleration scenario can be based on an equation-of-state parameter w = −1 with an interaction, characterized by
In the following, we briefly recall the basic features of this approach. We start by integrating equation (3) with (6) and (9) which yields
where K ≡ cρ m 0 , while from (4), (6) and (9) it follows that
In the interaction-free limit K → 0 we have consistently ρ x → ρ x 0 = const. The quantity
can be seen as an effective cosmological constant which is re-normalized compared with the "bare" value, corresponding to ρ x 0 , due to the presence of an interaction. The ratioä a
. The present value of the deceleration parameter is
where
To have a viable cosmological model of transient acceleration, formula (13) should admit a transition fromä a < 0 toä a > 0 before the present time, i.e., for a < 1. If, moreover, the accelerated expansion is a transient phenomenon, there should be a change back fromä a > 0 toä a < 0 at some time, which may be close to the present epoch or at a future period a > 1.
In the expression (13) the a −3 terms on the right hand side dominate for small values of a,
i.e., there is decelerated expansion for a 1 provided the condition
is satisfied. This condition puts an upper limit on the admissible interaction strength. In the non-interacting limit it just expresses the positivity of the matter energy density. Let's consider now the case a 1. The dominating contribution in the braces on the right-hand side of (13) = 0 in (13) . This corresponds to a vanishing total cosmological constant.
In other words, part of the interaction cancels the "bare" cosmological constant, described by ρ x 0 . Under this condition it is exclusively the remaining part of the interaction which potentially can trigger a period of accelerated expansion. In such a case one obtains from (11) that
Then the energy densities of the dark components are (10) for ρ m and (11) for ρ x with
Notice that for K > 0 a positive value of ρ x requires a < 
Both for a 1 and for a 1 one has The acceleration equation becomes
To have decelerated expansion for a 1,
has to be required. This condition is similar to (15) . The zeros of (20) determine the values a q of a at which transitions between decelerated and accelerated expansion (or the reverse) occur, namely
The condition to have acceleration at the present epoch with a = 1 is
If the inequality (23) holds, we may have present acceleration under the condition ρ
i.e., a vanishing total cosmological constant. Obviously, the normalized interaction strength K has to be larger than a threshold value to realize this configuration. The condition (23) is consistent with (14) if the latter is combined with (16 <K < 2e
The parametersK and σ 2 enter the present ratio of the energy densities for which we find
The results of a Bayesian statistical analysis, using the 397 SNIa data of the Constitution sample [28] , are shown in Fig. 1 and in Table I . For the best-fit values in Table I the inequalities (24) are satisfied and for the ratio (25) and for the right-hand side of (23) 
The interaction term in (20) plays the role of Ω Λ in (26). Now we know that the ΛCDM model provides a fairly good description of the present universe, i.e., for a = 1. This suggest positive values of the interaction constantK together with σ > 1, which is indeed confirmed by our analysis.
The relation between ρ m 0 in (10) andρ m 0 in the definition of K following (10) is
With the help of the definition
, the constant c may be written as
The quantity g in (9) is then given by
and the interaction term
It is obvious that a transfer of energy from dark energy to dark matter, characterized by
While positive values of Q seem to be favored on thermodynamical grounds [29] , the observational situation is less clear [30] . Moreover, negative values of both the energy density (17) and of Q in (30) for sufficiently large values of the scale factor are exponentially suppressed and the total energy remains always positive. According to this scenario dark energy is transformed into dark matter in the past, at present and in the future until a <
σ ≈ 6 the density of the dark energy becomes negative. However, it decays only until a ≈ 8. At this point the direction of the energy transfer reverses and for a σ it tends to zero exponentially.
The background interaction term Q may also be written as
The consistency of the model can be checked by realizingρ x = −Q (cf.Eq. (4)) for w = −1)
with ρ x from (17) and Q from (30) with ρ m from (7) with g from (9) . The behavior of the deceleration parameter for the best-fit values of Table I is shown in Fig. 2 . According to our model, the Universe is still in accelerated expansion at the present epoch but q(z) will go through a minimum in the future and enter a phase of decelerated expansion again. In the far-future limit a 1 (not shown in the figure) q will approach q = 1 2 again.
III. NEWTONIAN PERTURBATION THEORY
In this section we focus on perturbations with wavelengths much smaller than the Hubble radius. Under this condition, the dynamics is well approximated by a Newtonian analysis.
Afterwards we shall clarify how this approximation fits into a general relativistic scheme.
Starting point for a Newtonian treatment is the matter energy balance equation velocity. The perturbed energy balance is, in first order,
Here, a hat on top of the symbol denotes the first-order perturbation of the corresponding quantity. It is convenient to introduce the fractional quantity δ m ≡ρ
The right-hand side of this equation describes the influence of the interaction on the perturbation dynamics. In the interaction-free limit it reduces to zero. Since the Newtonian model does not specifyQ we shall assume for simplicityQ = βQδ m where β is a constant. In the subsequent section we shall look at this term more carefully. The limit β = 0 corresponds to an interaction only in the background. For β = 1 the interaction does not affect the perturbation dynamics. Eq. (34) specifies tȯ
Assuming also, that there is separate momentum conservation of both components (the more general case of a coupling also via exchange of momentum will be considered in the following section), the non-relativistic Euler equation for the matter reads ∂vα ∂t
where φ is the gravitational potential. From the first-order Euler equation we finḋ
Introducing comoving coordinate q α by x α = aq α , differentiating (36) with respect to q α and combing the result with (35) results in
where ∆ q is the Laplacian with respect to the comoving coordinates. Equation (37) demonstrates the influence of the interaction on the perturbation dynamics. Both the coefficients ofδ m and δ m depend on Q explicitly. Even for β = 1, the case in which the interaction is not directly felt at the perturbative level, the Hubble rate H is essentially determined by the interaction according to (18) . The first-order field equation of Newtonian gravity reads
. In many studies of the growth rate of matter perturbations the dark-energy perturbations are neglected. This corresponds to assuming δ x = 0 in (38) . However, this is strictly justified only for a cosmological constant. In dynamical dark-energy models δ x is different from zero and the matter perturbations are coupled to the dark-energy perturbation.
Neglecting this influence may result in an incorrect interpretation of observational data [25] .
On the other hand, for specific models the coupling can indeed be shown to be negligible on small scales [27] . In order to obtain a closed second-order equation for δ m we shall assume here a simple relation of proportionality δ x = αδ m between δ x and δ m , where α is constant (cf. [31] ). The limit α = 0 corresponds to vanishing dark-energy fluctuations. For any α of the order of one, the dark-energy perturbations are relevant for structure formation. Under this condition we have
for the last term in Eq. (37) . For the term that multiplies δ m in (37) one finds
with H 2 0
With the help of these relations and abbreviations, the basic perturbation equation (37) is written asδ
with an effective gravitational constant
Recall, that the interaction also explicitly enters the "friction" term in addition to its influence on the Hubble rate itself. This additional term in the factor that multipliesδ m in (44) vanishes only for β = 1. Changing to a as independent variable,
, we obtain the final equation
with
where With Ω m0 = 1 −K exp(−1/σ 2 ) 3 2 σ 2 − 1 one realizes that Ω m ≈ 1 both for high redshifts a 1 and in the long-time limit a 1.
Equation (47) is the central equation for the Newtonian perturbation analysis. The free parameters are H 0 ,K and σ as well as α and β. In the non-interacting limit and for the one-component case ρ = ρ m one recovers the perturbation equation
for the Einstein-de Sitter universe. Moreover, (51) is also the limit of (47) both for a 1 and for a 1, since all the interaction terms are vanishing under these conditions. In general, the interaction influences the perturbation dynamics through all theK terms in the coefficients U (a) and V (a) in (47) which also includes the modification of the Hubble rate due to the interaction on the background level. To test this model, we performed a Bayesian statistical analysis, based on the growth rate data collected in [21] and those of the WiggleZ survey [22] . The left panel of Fig. 4 shows the dependence of δ m for different values for α and β. The thick solid (blue) curve corresponds to the best-fit values of Table II The different growth of matter perturbations has been used in the literature primarily to discriminate between a GR-based behavior and alternative theories of gravity [21, [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] .
However, also the impact of interactions on the perturbation growth has been investigated [27, 31, 42] . It is convenient to introduce the growth rate in terms of which the basic equation (47) takes the form
The last equation can also be written as
In general, the effective gravitational constant G ef f differs from G due to the interaction terms. The first correction term (parameter α) in (45) describes the direct coupling to the Recall that the dark-energy density becomes negative for a > 2/3σ ≈ 6, but is exponentially suppressed. The ratio G ef f /G approaches the asymptotic limit G ef f /G = 1 after passing through a second maximum at a ≈ 19. evolution from the past until a = 4. Right panel: future evolution. Recall that the dark-energy density becomes negative for a > 2/3σ ≈ 6, but is exponentially suppressed. The quantity gB approaches the asymptotic limit gB = 0 after passing through a minimum at a ≈ 17.
dark-energy fluctuations, the second term encodes the modifications due to the perturbed interaction quantityQ. For β = 1 the second contribution vanishes: an interaction which is only operative in the background does not modify the effective gravitational "constant".
In such a case there is an influence of the interaction on f only through the quantity A(a)
in the coefficient U (a) (cf. Eqs. (48) and (41)). The effective gravitational "constant" G ef f approaches G in the early matter-dominated phase a 1 and also for a 1, where the matter dominates again. The behavior of G ef f is shown in Fig. 5 . The left panel shows the evolution from small values of a in the past until a = 1.2. The future behavior is depicted in the right panel. Recall that for a > 2/3σ ≈ 6 the dark energy density becomes negative but it is exponentially suppressed. After passing through a second maximum, in the far future a > ∼ 22 one has G ef f = G again. Fig. 6 shows the corresponding behavior for the best-fit values of the quantity gB which modifies the friction term in the perturbation equation. In Fig. 7 the growth rate is contrasted with the observations summarized in [21] as well as with those of [22] and with the ΛCDM model. Around the present epoch (a ≈ 1) the deviation from the Einstein-de Sitter value is larger than that for the ΛCDM model. This corresponds to the slower growth of δ m (a) for values of the order of a ≈ 1 in Fig. 4 .
For larger values of a, however, δ m (a) continues to grow while one has δ m (a) = const for the ΛCDM model. [21] (blue data points) and [22] (red data points). The shaded region denotes the 1σ level, indicating a large dispersion.
IV. RELATIVISTIC PERTURBATION THEORY A. General relations
We assume that the cosmic medium as a whole can be described by the energy momentum tensor of a perfect fluid (neglecting anisotropic stresses and energy fluxes in the rest frame),
The quantity u i denotes the total four-velocity of the cosmic substratum. Latin indices run from 0 to 3.
We assume a split of T ik into a matter component (subindex m) and a dark energy component (subindex x),
Both these contributions are assumed to have a perfect-fluid structure as well, i.e.,
Next, we admit an interaction between both components according to
Then, the separate energy-balance equations are (cf. [27] )
and 
The contribution T ik x is supposed to describe some form of dark energy. In the simple case of an equation of state p x = −ρ x , where ρ x is not necessarily constant, we have
In the background, the balances (60) and (61) take the formṡ
respectively. Denoting first-order perturbations again by a hat symbol and recalling that for the background u 
Greek indices run from 1 to 3. For p x = −ρ x it follows
Since the component m is supposed to describe matter, it is clear from (69) that the perturbed matter velocityû mα coincides with the total velocity perturbationû α . With u n m = u n up to first order, the energy balance in (60) (correct up to first order) can be written as
On the other hand, the total energy balance is
For the difference it follows thaṫ
Since, at least up to linear order, ρ − ρ m = ρ x , equation (73) is equivalent (up to the first order) toρ
In zeroth order we recover (67). The first-order equation is (cf. (68))
Notice that (75) results from a combination of the total energy conservation and the matter energy balance. It has to be consistent with the dark energy balance (61). At first order, the latter becomesρ
This means that
i.e., the projections of Q a along u xa and along u a coincide. Explicitly,
In a next step we consider the momentum balances. The total momentum conservation is described by
With
Using u n m = u n again, the momentum balance (62) for the matter component becomes
Notice that we have only used the total momentum conservation and the matter momentum balance. The momentum balance (63) of the dark energy degenerates for the case p X = −ρ X .
It does not describe any dynamics.
Again we introduce the fractional perturbation δ m ≡ρ m ρm in terms of which the first-order energy balance takes the forṁ
Withâ
and u α = v ,α one finds from the momentum balance (cf. [43] )
At this stage the relation to the previous Newtonian treatment becomes evident. Neglecting the perturbations on the right-hand side of the momentum balance in (84) and replacing v → av we recover the result (36) of the Newtonian analysis. Neglecting the terms multiplied by φ in (82) and identifyingΘ accordingly, the non-relativistic relation (35) is reproduced.
The dynamics of the expansion scalar is determined by the Raychaudhuri equation which in our case takes the formΘ
In the background,Ḣ = −4πG (ρ + p) = −4πGρ m is valid. The term a m ;m in the Raychaudhuri equation becomes at first order
where ∆ is the three-dimensional Laplacian.
For the perturbed time derivative of the expansion scalar we havê
Consequently, the first two terms of the perturbed Raychaudhuri equation are
For the derivative of the expansion scalarΘ = −12πGρ m is valid. For the perturbations of the term 4πG [ρ + 3p] we find
C. The Gauge-invariant perturbation equation
It is convenient now to introduce gauge-invariant quantities to describe the perturbation dynamics by
as well asΘ
The superscript c stands for comoving. 
Equation (82) 
we may rewrite Q c asQ
The gauge-invariant perturbation of the interaction quantity Q is determined by the darkenergy density perturbations and their first derivative. It follows thaṫ
We have expressed the perturbationsQ c of the interaction term in terms of the dark-energy perturbation δ c x and its first derivative according to (95). In order to obtain a closed secondorder equation for δ c m , we assume a proportionality between the dark-energy perturbations and the dark-matter perturbation by introducing
The parameter quantifies the relative magnitude of the perturbations of the dark energy. It corresponds to the parameter α of the non-relativistic theory. To avoid misunderstandings, we use a different symbol here. In many studies dark-energy perturbations are neglected from the outset. However, this is strictly justified only for a cosmological constant. Neglecting these perturbation may lead to unreliable conclusions concerning the interpretation of observational data [25, 31] . For the model dealt with in [27] , dark-energy perturbations were
shown to be negligible on scales that are relevant for structure formation, but may play a role on super-horizon scales.
With (cf. (40))
we find
It is only for = 0 that we have a scale dependence. The quantities A(a),
H 2 and B, are given by (41) , (42) and (43), respectively, with (cf. (29))
where we have used that
For = 0 we recover
These coefficients coincide with the corresponding coefficients of the Newtonian analysis for α = β = 0. SinceQ c was related to δ 
which coincides with the corresponding equation of the ΛCDM model at that period. This allows us to relate our model to the ΛCDM model at high redshift. We shall benefit from the fact that the matter power spectrum for the ΛCDM model is well fitted by the BBKS transfer function [44] . Integrating the ΛCDM model back from today to a distant past, say z = 10 5 , we obtain the shape of the transfer function at that moment. The spectrum determined in this way is then used as initial condition for our model. This procedure is similar to that described in more detail in references [45, 46] .
In Fig. 8 we display the power spectrum, based on the data of the 2dFGRS project, for different values of for c formation. On the other hand, if they were zero exactly, there would be no scale dependence at all. As the left panel of Fig. 9 shows, even a very small value of , although considerably larger than the best-fit value, influences the spectrum substantially on larger scales. This demonstrates an increasing role of the dark-energy perturbations with increasing scale. The point here is that the much larger number of data for the smallest scales has more weight in the statistical analysis than the fewer data on larger scales. Obviously, the same constant value of (an almost vanishing) which gives a correct description on the smallest scales is not adequate on the larger scales of the sample (left panel of Fig. 9 ). Conversely, a good performance on large scales is not compatible with the observations on intermediate and small scales. Consequently, for a more advanced analysis, a scale-dependent should be used.
D. Non-adiabatic perturbations
Perturbations in an interacting two-component system are necessarily non-adiabatic. The non-adiabatic part of the pressure perturbations isp −ṗρρ. For our special case the crucial quantity iŝ 
Even for = 0, i.e. without fluctuations of the dark-energy component, the interaction term induces a non-adiabatic contribution to the to total pressure perturbation, given by (30) σ ≈ 6 the dark-energy density becomes negative, albeit exponentially suppressed.
N approaches its asymptotic value N = 0 for a > ∼ 22 after passing through a minimum at a ≈ 17. The behavior of N (a) is almost independent of c 2 s and .
V. SUMMARY
We have tested a phenomenological model of transient accelerated expansion in which an interaction in the dark sector is constitutive for the cosmological dynamics. The interaction has both to cancel a "bare" cosmological constant and, at the same time, to generate a phase of accelerated expansion. While the detailed structure of the interaction was chosen for mathematical convenience, it admits an analytic solution of the background dynamics, we think that it can be used to discuss general features of transient acceleration models. We reconsidered the background dynamics of this model and performed a statistical analysis based on the SNIa data of the Constitution sample. The model predicts a future minimum of the deceleration parameter q which afterwards switches to positive values again (Fig. 2) .
The dark-energy density becomes negative for a > ∼ 6 but this contribution is exponentially suppressed. The direction of the energy transfer is from dark energy to dark matter for a < ∼ 8. It is reversed for a > ∼ 8 but the entire interaction term becomes exponentially suppressed as well.
The perturbation dynamics of the model was investigated both on the Newtonian and on the GR levels. Using a simple parametrization for the perturbed interaction term in the Newtonian setting and including perturbations of the dark-energy component within a simple ansatz, we carried out a statistical analysis, using the growth-rate data in [21] and [22] . This allowed us to quantify, although with a large dispersion, the role of the perturbed interaction term and the contribution of the dark-energy perturbations. For a < ∼ 2 the fractional matter perturbations deviate stronger from the Einstein-de Sitter behavior than for the ΛCDM model (Fig. 4) . This corresponds to a larger difference for the growth rate f (z) as well. For a > ∼ 2, however, the matter perturbations continue to grow while they approach a constant value for the ΛCDM model. The effective gravitational constant G ef f deviates considerably from G for a > 1 but the ratio G ef f /G approaches unity again in the far-future limit (Fig. 5) .
The relativistic perturbation analysis for the interacting two-component system was performed in terms of gauge-invariant quantities with physical interpretation in the comoving gauge. Perturbations in such type of systems are intrinsically non-adiabatic. To decouple the relevant perturbation equation we assumed for simplicity that the fractional perturbations of the dark energy are proportional to the fractional matter perturbations. The statistical analysis, based on the data from the 2dFGRS project reveals that the factor of proportionality is very small. In other words, dark-energy perturbations are small on scales that are relevant for structure formation. However, our analysis also shows that the considered data range is not adequately described by a constant factor. For the smallest scales we have much more data than for larger scales. Consequently, the small-scale date have a higher statistical weight than the fewer data on larger scales. On the smallest scales, the dark-energy fluctuations are irrelevant indeed. On the other hand it is obvious that on larger scales the overall best-fit curve does not provide a good description of the observations. A considerably larger (but still small) value of the mentioned factor shows a much better performance (Fig. 9 ).
This indicates an increasing role of the dark-energy perturbations with increasing scale, a subject that deserves attention in future research.
